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@ Embryogenic callus and cell suspension of inbred corn. 

@ Embryogenic callus of corn inbred B73. embryo^e.vc cell 
suspensions of ccrn inbred B73. clones of the en^^fyogenic 
callus and cell suspensions of corn inbred B73. corn plants 
and the seed thereof regenerated from the e:nbrYogcnic 
callus, embryogenic celt suspensions and c!on« of the 
embryogenic callus and embryogenic cell suspensions, and 
progeny of the regenerated corn plants including mutant and 
variant progeny are claimed. 
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?R-7161,/7315 

£.M3H:i-0GENIC C^IXIS ANT) CTiX SUSP-NSIOJ CF rNBRED CCHM 

Fiel<3 of the Invention 
Ihe invention relates to embryogenic callus of. com inbred B73 - 
a major corr^ercial inbred corn variety. The invention also relates to 
cell suspensions derived from cnbr.r>genic callus of com inbred B73. Tne 
cell suspensions iray be characterized as uniform mi;<tures of embryogenic 
and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to er&ryoa of com inbred B73 under certain culfrare 
conditions described hereirb^lcv. The invention furthei^re relates to 
viable seed-prcducing plants of com inbred B73 recenerated frcm the 
CTbryccenic callus or erri:ryoGonic ceil suspensions according to the inven- 
tion. Lastly, the invention coi-icems rutar.t and/or recorl^inar.t progeny of 
er^rr'ogenic callus or eriryoconic cell suspension and com plants regener- 
ated therefrom. Specific exar^les of the ^brfxer.Lc callus of com. 
inbred 373, from whicri erir>ojonic cell suspensions rray be derived, have 
been deposited Ln th.e /^.T.eric^n T^-pe Cult-e CoUec-.icn 'under .^^CC acces- 
sion number 40116 on .Aor'i I 1-5, 19S4. ■ 

:^elevar.t Art 



Zea mays L. or com is a T^jcr vcrlcwide cereal crx;p. Ln the 
continental United Stages alone, an estiT,ated 82 million acres of cm is 
pla.-ted yearly. A sur.'ey of t.hG U. S. com ger::i plasr. base conducred in 
1979 accounting for 1.3 billico ?o>J-.ds of seed comt determined that com 
irJbred B73 was used in the prcxiu>cticn of approximately 178.5 million 
pounds of com hybrid seed. This amount reflects apcrcximately 14% of the 
total com seed required for t.^ 1S80 planting of 62 million acres of com 
in the United States. B73 was used to procure more hybrid colt, seed thar. 
any other com inbred line in the 1979 survey. As the majcr inbred corn 
line used in hvtrid com seed p^txiuction, B73 is a c^n^ercially inrpcrtant 
com inbred. Successful efforts to improve B73 ar- likely to have a major 
impact on the ccrmerciai com seed business. 

Current m-^chods for L-rpr^^ing inbred com lines are time c^n- 
SLT.i.nc, labcr intensive, and r:s\-y. Thus, n-.eth.ccs -hat reduce any o: 
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.these problerts vould represent a.n advar.ce Ln the cereal breeding arts, 
one ::«thod for inducirtg chaices in an irired com seed line is acco<:>- 
pliched bv exposing inbred seed corn to a mutagen, which may be ionizing 
-adiation or a imtagenic chenical, growing the seed out, and screening Lhe 
'com plants for a desired characteristic such as decreased height or path- 
(^en resistance. Seed from plants displaying the desired characteristics 
are then replanted, rescreened and the seed frcm plants passing the screen 
are retained. After several years and many grow^uts of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 
is acc-jnulated for comercial breeding. 

Several problems attend the method of obtaining a modified inbred 
com seed line as described abo^'e. Inbred com lines are highly homozy- 
gous, or pure-bred. Such inbred lines frequently display low vigor, and 
Is a'result freo:ently prcduce few se^. If seed production is tco low, 
successful larg^scale production of seed derived frcm a single pla.-.t of a 
nK>Dified irired line may not be possible at all. Eve.n if the modified 
irired is vigorous and produces adequate nunters of fertile seed,^ several 
years and many acres of lard are required to produce e^gh seeds to make 
ccranercial breeding possible. 

Other aooroaches to the prooaoawiwu v.=:=-v^->- --^ 

have also been suggested an5 rely upon plant tissue cultur. tec-iques. 
in som- of these apcroaches, cell cultures are subjected to mutagen.ic 
ionizing radiarion. The desirable characteristic is selected or screened 
in coll culture. Cells havirvg the desirable characteristic are propagated 
in e^ture an3 ultiinately regenerated to foo seed-bearir^ plants (see 
e.g., Eottino P. J., "The Ibtential of Genetic , Manipulation of ?la.nt Cell 
Caltures for Plant Breeding," Radiation Botany, 15:1-16 (1975). 

lhe feasibility of using selection techniq'ues on callus c-ultures 
of certain non-comT^rcial com inbreds and the regeneration of pla.nts pre. 
0 ducing seed that carry the characterstic selected in tissue culture has 
^en de^strated by Hiti^rt et al. (see, "Selection and 
of a Feedback - Insensitive Tissue Culfure of Maize," Planta, 148: 183-187 

(1980).) 
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P.ior to t.h. develop..r.t c£ th. ^^r^eni. callas line of cnm 
ir^.^ B73"o£ the inst^-. i-e.tio,, « friable c^r^e.ic callus c^f^e 
or e*r^enic cell s.Sf.r.io. c^t^e of a c=.^ercially sisnx.xcar.. 
irt^red 'cc^ nr. ha. be., desci^ea. With ..sp^t to =^ 
5 lines of nonco^r^rcial com i^recs, C.S. Green has described a friable 
callus of com inbred A188 capable of regenerating plants by scnatic 
e^enesis (see. Green, C.E., "Sonatic E^rv^enesis aM Plant FBgener- 
,ticn rra. the Firable Cal^ of 2ea 122 L-" i" ^"^^ 
Plant Tissues and Cells, Fuji^ra ed., Japar.ese fssoc 
,0 Tissue culture, p^. J-?-' "32). I^yrcgenic. frxable 

callus ac=ordir,g to Green can te derived fron spontaneous sectors of 
orcanogenic callus. Orga.n^enic callus accordi:^ to Green can be ob.a ned 
.s'fouo... 1-ture .,,otic f- the seed of sibUng poU ted 

Aias are rerovsd fran the seeu arvi placed a sn.. 

,5 se. ►.rashige a:^ ..oc, PhsiciSiiiia™, 15:426 (1962,, .^1.^, 
wiLh 0.S ^/l 2,4^, 1 L-aspar^i^. a.nd 0.7, bactoagar. The .-.a ura 

;.^,w^vp^ A- 28'C with 16 hours licht per day. (See 
T- w n al 1979, "A Histological Exar^inaticn of Tiss-^ C^ture 

, ... T_,.„.. CrirrvTDS of H2ize% Protociasma. , 101, ^69 .31.) 

f .H. nr-n.-y -Nx:ot^-c er^^r^ proliferates rapidly and forr-s 
50 sc'Jtellum of the pr jnary ^N-cot-^ - . ^ ^ 

ncpnic call''<= c-ure. T^,e epithelio. of the scutellm becr^es ■ 

h^'chiv merisrer.atic- Au,icai ::ie--s>-c-^ 

.Ic; is Caracterized by a.n e.te.^ed c^ial .ne. ^^^^^ 
n^rdia are associated -it:n t-V s:-«=t pri^rdia, t.'^e callus »nsice.eo 

25 organccenic. 

Green's «*rvt^enic callus arises spontaneously as sectors grow- 
ls frc the established ot,.^^enic callus or c^ be induced fr=. pr:™a.y 
c^tures with proline. Proline, !««ver, *es ..t a^ar to induce 
- ^^vogenic callus ih B73. Grin's ^enic callus appears uMi-fera..- 

organization on visual inspection and 
30 tiated, highly friable, has li-le organ 

U fast growi^, re^iri^ su^-^furing at least -^/^ 
l^,^e!ic callus culture doscrib^ by (^een develops to the coleoptUa- 
stace cr. HS or N6 mediur, with 2X sucrose and 0.5 to 1.0 ,r^l 2,4-=. 
torTMl developnent to L-.e :T>:>ture erbrvo stage is P^ss^ble i. t.e . 
35 are tr^sferred to N6 ™edi« with 6% sucrose and no 2,4-0. Ue mature 
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eofcri.os can t.en be ir^uc^i to gerr^ina-.e an MS or N6 medx-^. containing 2% 
sucrose without hcrrncnes. 



line 



Green also describes suspension cultures of the er'::rYogenic 
of AT 33 and discloses that sud. susj^nsion cultures can be maintained in 

5 MS median containing 1 rr«/l 2,4-0 with 2% sucrose. When aliquots of the 
suspension cultures are plated onto solidified MS medium containing 2% 
sucrose a callus forms from the plated suspension and embryos form on th.e 
callu= s-.rface. These er^ryos are transferred to MS or N6 mediu-. with 6% 
sucrose for further development . After 2 weeks on ir^ium with 6% sucrose 

10 these are transferred to la. sucrose, hormone-free median for^r^o gen- 
eration. A193 plants rruy he routinely regenerated from these erir^os. 

A non-^-^enerating cell lir^ of com inbred B73 is krown (see 
Potr.k-us et al, ^^r..i.^ Ar^lied Genetics, 54:209, 1979). ^is cell 
line' in sus::ension c'oltur^ was established frcm a primary culture of 
,5 protoplasts' fr^ plant tissues of the B73 ir^red. The cells are charac- 
terized as growing well suspension culture and easily maLnta.naole on 
agar median. Further7>ore, the cells can te enzyTr.a.ically f^..ed m.o 

. ^.-r^ in tu-n r=-e-crate w^ls and become croliferatin;; cells 

protoplasts, v^iich in turn r-je-.c.-^- _ ^ ^ 

c..--,-;^,^.^- .vo c-lls of this line have never been incuced to 

20 regT^rarp*^^!*^^ -rec.-er display ploi^y abnonnalities a character- 
ifti^ in ot.her .-xon-rege.nerati^ diploid plant cell lines. (See 

m/g] Me^ows, "Caractericaticn of Cells ^ Protoplasts of the E73 Maize 
cell Line" Plant Science I^^tters, 28:337-348(1982/33). Other attempts co 
achieve plant reger.ratio. fran established B73 callus- have been slmi^ar.y 

25 unsuccessful. (See Bar^X-owia., E., "Tissue O^lf^e of Maize Plant.et 
Regeneration Fran Scutella Callus," Genetica Polonxca., Vol. 23:93-101 
(1982)). 

The ability to culture somatic cells of inbred plants in vitro 
enables the olant bre.^er to apply t.^ tec^i^es of microbial genetics to 
,Q t™^r.g croblem^ in crop plants. Included in the gene.ical 

Iporoaches that ha.-eapplicatia. to plant breedi.^ are: select.cn or 
mutations in cell cultures, s.udyir« ^st-pathc^en interrelationships, 
transfo^ of cenetic informaticn into cells through up^.a.e of exc.e.nous 
heterol^gus isee Szo.a ct al., U. S. Patent 4,394,448) or homologous (see 
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I^I ^rzcear^ Pater.t .^^rlication 9O033A) DNA. Tj^therTTiore , sanatic 
cell clt'-ire er^les tiae plar.t breeder to develop, select and propigace 
sanaclcnal variants havi:^ novel cr usefal agroncmic characteristics. 

Tr^e major obstacle to the application of these techniq-ues to com- 
mercial com inbred 373 and sate other cormercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The cnibrycgenic com callus line and com cell 
line derived therefrcm provided by the instant invention r^akes it possible 
to aooly sanatic cell genetic techniques to a major connercial com line 
for the first time. The particular uses to v^ich a ce'real, and particu- 
la-lv a com cell line sud^ as the or^ described herein, can be put are 
outlined in nor-.erous articles (see e.g., Eottino, P. J. "Potential of 
Genetic yanioulaticn in Plar.t Cell Culture," Radiaticn Botany, Vol 15: 
1-16 (1975) and Vasil, I.E., "Plant Cell Culture aivf Soir.atic Cell Genetics 
of Ce-als and Grasses," Plar.t Iitcrove.' T^nr and So^T^^tic Cell C-enetics, 
.vasil, Ed.., Acace:nic Press, N.Y., 1st Ed., (1933) a.nd "Tissue Culture Ln 
th.e Prccuction of Novel Diseace-Resistar.t Crop Plar.ts," Biol. Rev. , 
54:329-345 (1979)), 

These uses Lncl'ude s^vlection at the cellular level of mutations 
fc- resistar.ce to toxic S'ubstanc.^s, sucn as heroicices and s'ubs^ances 
^ccuced by plar.t zaz^ens. Since tr.e selectior.s are carried out at the 
cellular level, it is likely that wncle plants regenerated from the cells 
will show the selected characteristic. It is significant that such a 
s-.-stsr. u^ulc allow plant breecU^rs to select (or screen) for the desired 
cJiaracteristic from .=nong thousands of cells Ln a single culture dish or 
flask, whereas a lar=e field plot ^ould be re<Tuired to select or screen a 
corresponding n-umber of seed cro.T. plants according to traditional plant 
_ breeding methods. 

It has, for e.x3m.?le, been cerKDnstraced that com plants derived 
fro-Tt Black Mexican Sw^t com, ncn-ccrrT^rcial cultivar, can be reger^- 
-^rated from tissue cultures Lhot have t-en selected for resistance to 
IvsL-^ and threonine arx3 that tissues of the regenerated plar.t likewise 
cicduce com olar.t tissue thnt is resista.-.t to lysi.ne and threcni.ne. See 
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Hibbe^, k\a etal., -Selection and Qiaracterization of a Feedback - 
inseniitive Tissue 0.1t>are of Maize," Pl^, 148: 183-187 (1980). 

The utility of such selections carried out in callus cultures has 
also been dei^nstrated by the regeneration frcm callus culture of com 
plants resistant to southern com leaf blight, a plant disease caused by a 
pathotoxin produced by the plant pathogen Helirenthosporium mavdis race T. 
By exECsir^ com callus to the pathotoxin produced by the plant pathogen, 
resistant callus was selected. Significantly, the progeny of certain 
resistant plants >^r^ also resistant to the toxin and plant pathogen. 
Thus callus culture of a com cell line is denonstrably effective in the 
developT^nt of pathccen resistant com seed.- (See Gengerbach et al., 
-inheritance of Selected Pathotoxin Resistance in Maize Plants Pecenerated 
cell C^tures," p^- K.fl. Acad. Sci. USA, 74:5113-5117 (1977)). 

Rrief Description of t.he Drawincs 
Figur^^ 1 is a representation of an isozy^rie pattern for esterase 
'l5 obtained by starch c^l electro«^resis as further described in Exa::ple 7. 

Figure 2 is a represent at icn of an isozyr« pattern for alcohol 

. ^ ^ ^^a^^^r^^=^c<s as farther described 

dehydrocenase obtained by starch gel eleu..^^.^.^---5 as 

in Example 7. 

Figure 3 is a representation of an isozyme pattern for glutamate 

^^.^rwVi bv s-arc^ qel electrochoresis as further described 
20 .dehydrogenase obtained cy Sv-arc; gei «-cv. . 

in Exanple 7. 

Figure 4 is a lepresentation of an isozjrie pattern for ^-^lu- 
c=sida« obtained W star* eel electrophoresis as further described in 
Exanple 7. 

Sumnarv of the Invention 
25 The present invention comprises tiss-oe cultures of com inbred 

line B73. Ihese tiss-oe cultures are characterized as erl^rycgenic callus 
cultures of com inbred B73 and cell suspension cultures derived fran the 
e^r^enic callus cultv^e of com ir.^red B73. As used herein, the tern 
.e:^rvccenic callus" is define, as a friable callus having no visible 
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orr.nir.cion cn rr^ir.ter^.c .,^ia, b.t regeneration medium organizes 
in;, discrete olobular str.ct.«s, a prtion of vr.ich ger:nin.te to .cm 
plants. 

used herein the tera -variation" is defined as ^enctypic 
5 charges that are: stable, i.*., they persist in the absence of the event 
that induced the change; aM heritable, i.e., the new fhenotype is trans- 
mitted to da^hter cells *e.n they divide. Char^ges in phenoti^e that per- 
sist only so ion, as the cells cr tissues are ^intained in a nev e.-r.iron- 
ment are referred to as fhysiolcnical responses. 

,0 -Genetic variation" is used herein to describe heritable vari- 

ation that is serially transmitted to proce.ny of plan.ts recer.rated frc:.^ 
culr^ed cells or tissues, ".^e te^ "^t^.t" is reserved for ee sp.cia. 
ca- Of cenetic variation in «>ia> a trait is trar.^.itted r-.eiot.cal.y ^ 
ac^rdix^ to «ll-established l.vs of inheritance, w^en e.e na.ure or t.-,e 

• '^-r^ tf^rm "variant" is used* 
15 heritable charge is not Knc«n» tL-^^ ceim vcLu^cii 

♦.u^ I -^pTo^^^cwj'- referring to plants r 
As used herein Lhe ter::^ rege. / 

Tnear.s plants derived from cell and tissoe c^.-r.. 

• ^ w 1^ ^r^^nw^^ion sibi inc- fertilization, bacK- 
T.eans plants obtained by self-fertilizatxon, 

V ,-^ec-*rY- nf the recenerated plants - 
crossing cr out-cross-ng or c-.^i ^.^c.r^ 

:0 AS uses herein the te^ "clone- refers to callus or cell suspen- 

sions prop^ated frco an established cell suspension cr callus Une. 

TSe -*r^eni'c callus culture of com' inbre3 B73 characteris- 
tically is a coUectio, of substantially iscdiapetric cells- *ich gr« in 
cl^ps or aggregates of cells ^ s=lid ..intenance ^i™ such as 

« or NS ^i.^ that has be«, supple^.t^ wit-h 0.2S to U 

and 2% iwt/vol) sucrose. Cn mainte^nce ^im the ^^ryogenic callus is 
friable, i.e., easily broK^ into ^ler cl-^ of cells an^ single 
cells, under t.he light microscope, no ontinuous epidermal layer 
visible i. ^br.,05enic «Uus. In ge.neral, the ...br^^enic callus is 

30 yellow-brown in color. Grow-.h of the ^bryt^enic callus is rapid, as 
su-=d in fresh -..icht acc^ation; t.he ^r>o=enic callus gro« ahou. 3 
ti^is faster tnan t.he org^renic callus culture fro. *ich it arose. A= 
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consequence of its crov-Ji rate, the erbriogenic call-as needs to be 
transferred to new median every 1-2 weeks. 



a 



The enbryogenic callcs is further characterized by tr.e absence of 
differentiated plant structure such as srall shoots or their prijnordia, 
roots or their prijiiordia, and meristems. A characteristic of cell suspen- 
sions derived fron the callus is the production of a irucilagenous poly- 
saccharide in media containirg sucrose and 2,4-D. This polysaccharide has 
been identified as a gl actcse-nvannose polymer. 

The most notable characteristic of the embri-ogenic callus is its 
fonnation of embryo-like structures. The embryo-like structures- are com- 
pact ard globular. By transferring the globular structures to a honnone- 
free medim such as MS or N6 ^iim, some of these glob-olar structures can 
be induced to fcm plants. The plants can be transferred to soil and 
fertile B73 com plants are obcained. The progeny of these rece:-rated 
5 plants are substantially identical in form to seed-grov^. 373 plants. 
Thus, -the invention encor^passes com plants regenerated from an ^tryy- 
genic callus of com inbred 373 and the progeny of the regenerated com 
plants. 



„ c.,..i.uo^ ,.v-*T>r>>-i COS errbr^.'c<^enic cell sust>?p.sion cul— 



0 t'ures of enbryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 ccrn 
plants. B73 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS medi'jm. The friable 
callus is transferred into a median suitable for inaintaining suspe-.sion 

5 culture, e.g. MS medium' with 2 rtq/l 2,4-D, and^is placed on ^ cyrotary 
shaker at 130 rpn at 28*C. Cell suspensions are induced to fonn globular 
embryos by plating on solidified MS -or N6 medium containing no horrrones 
and 2-5% sucrose. Globular embryos' are transferred to solidified MS or N6 
median containing no hormcnes. 2% sucrose and optionally charcoal added to 

K) adsorb residual honnones, if any, and plantlets for:n on this medium. Th.us 
the invention encompasses com plants regenerated from a.n ernbyrcgenic cell 
suspension of com inbred B73 an3 the progeny of the regenerated com 
plants. 
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.ir^r. be ^--e- understood fran t-he followinc exa-rr- 

y^r -v-A Wp---'- to be exerrlary only and ncn- 
ples whicri are intended by J-.e .nve...-. ^ ^ - - 

Irniting. 

EXAMPLE 1 
Initiation of Orcanooenic Cult^jre 
Plants from maize inbred lire 373 were grown to maturity in a 
5 greerix^use scppl^nt^ with metal halide lights (15 hours/day) and .a..^ 
tained at 30-C during th.e day and iVC at night. These plants -^re self- 
or siblino-pollinated. I^ture z^^otic e^r^os 1.0-2,0 millimeters 
in ler>=th'(12-U days post follLnation) were aseptically r^ed fron^aur- 
face s;erilized Kernels a^ placed zlat side cov. cn the init.aU^. .ed..-. 
,0 a.ich o^ntair-. .3 salts a.^ yS vita.-., 150 ^Jl asparagLne, ^0.6% a=^^. 



0.5 iDg/1 2,4-D and 12% sucrose. 



All c^ture mediu-n haf been adjusted to a 



-.e dark a: 



pH of 5.8 prior to autoclavLnc. Cultures '^re incubated m t.-. 
23'C for 2-3 weeks, when a ccr-.pac^. ^.ite tissue proliferated fro. t.ne 
cr^.^rhizal end of the scutellu^.. -.e z^^otic erbr^nic "shoct ax.s -^s 
15 r^t'part of proli-rati:^ tissues. v^ite compact tiss;^ v^.e. was 

ceased of snail parenchy..a-li^e cells with, ^riste^atic regions 
e.:.ed by an eoide^ la>.r. ^^rc^ root meriste^s, occasional s.^ts 
,.^\^,rch orai'ns -.^re seen in this tissue. Wl^ite cor^pact tissue was 
r^ed fro; ts. ^.^s, transferred to a .amte.-.nce medi'^. ^^^^ 
20 tne s^e as the initiation oedio. but included 0.5-1.0 n./l ... 
sucrose, ^ cultured unfer ..rolites (1500 1^^) at 23-C. Cultures ^re 
transferred to fresh mediu-r, every 10-20 dav-s. 

The contact tissue product cn t.he. initiation nediu.- bec^.e 
extre^ly heter^kneo.us v^en transferred to th.e, neintenance ^- 
V, as weU as friable ard conpact green tiss'ues becarr.e 

25 etous shoots, roots, as wej-i as ^ ^ 

. c ^ ^^sj fi^sues -^-e carefullv removed ana aiscaraed 
" visible. Leafy and rooty tissues we.e v. 

from the ccrpact organogenic tissue at each trar.sfer. 



After ore year of continuous selection against non-regenerating 

regions ard ra.ts/e. res.olti^ organogenic tiss-. dark ^ 
30 pact, convoluted ard covered by a v^ll^efinedepider:.is. T^.ls epide.... 

layer rained c^.tin.3^ even in zo^s ..at produced shoot ^^^^^^^ 
:^.ist-T^tic centers were ca:::cn beneath th.e epicerrnal layer. Th.s t.ss. 
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^ characterized 'oy an extre.>ely slow growt:n rate O.ich c^old be 
increased by the addition of 9 r:^/! ^eatin. U.e addition or zeat.n also 
reduced the quantity of tissues nonr^lly selected agaL-'^t. 

EXAMPLE 2 

Initiation and Selection i^irfxenic Callus 
A friable, fast-growing callus was selected fror. the organogenic 
tissue after over one ye^ in culture in the followir« rranner. Th.e 
organogenic callus frcn, O^ich the err^ryogenic callus was isolated was 
transferred to inaintenan« n^i- contining MS salts and MS vitamin^s, 150 
n«/l asoaragine, 1 ing/1 2,4-3, 1 ing/l 3, 5-^ichloropher.cy acetic acid 
(3 5^)' 2% sucrose and 0.6% washed agar. The organogenic callus w^s 
trlr^fe^ed after 3 weete to^fresh rredim. having the s^e ccr^ponents . 

After a total of 5 weeV^ or. the mediu-n, the enbrycgenic callus 
acce»red as snail iscdia^tric cells having dense cvtoplasn and large 
nuclei on mcroscopic ex^.inaticn. sectors ^re e-bedded a 

.ucilacer^us .atrix. TT^e sectors :..cilagenous matrix ..re rer^ved 
15 fran t;>e surrou^L^ c^^ct crgan^e.ic calLos witin sterile tweezers or 
were remc^ed by scraping wit.h a sterile scar.1. The sectors and rr.ucUa- 

, ^i^^r^ -,=i<n^on£noo TTipriiom 33 descr±>ea abcve cue 
genous matrix vers t^^^^i — w.. 

lacking 3,5^:. Friable erbrycgenic callus grew apcroxi-^ately 3 ti.-.es 
faster than the organogenic tissue on the x.aLntenance medio, with 3,.-D. 

' . . K^^^nir cMlus was initially isolated frcm an organogenic 
20 AlthooGh the eittrjogenic callus was mxui^ j 

callus that haf been gro-^ cn maintanence media, including 3,=-D, er^ryc- 
genic sectors have been subsequently isolated from organogenic callus that 
has been maintained without 3,5-D. These isolates, hov^ver, tend to 
rapidly organize and cannot be maintained. 

EXAMPLE 3 
Initiation of Sus pension Cultures 
,c Or* ard seventy-seven one-hunfredths gr^ (1.77 g) of friable 

callus tissue fro. com inbred B73 was inoculated into 25 ml of .S medi^ 
havina the following ccmccnents: 
magnesion S'ulfate-seve-^ hvrJrate (MgS04' 7H20) , 
calcian chloride-dihydrcite {CaCl2-2H20) , . 
30 potass ion nitrate (^<N03), 
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arroni-on nitrate (NH4>J03)/ 
potass ion phosphate [Y^i^A^" 
manganese sulfate-four hydrate (MnSO4-4H20) , 
zinc sulfate -seven hydrate {2nS04-7H20) , 
5 cupric sulfate-five hydrate (CuS04-5 H2O), 
cobalt chloride«six hydrate (CoCl2-6H20 
potassium iodide (KI), 
boric acid (H3BO3), 

sodion molybdinan oxide-dihydrate fUa2MD04-2H20) , 
10 ferrous sulfate* seven hydrate (FeS04-7H20) , and 
sod i'ju ethylenedia-ninotetracetic acid {Na2EOTA). 

In general, as used in the invention, the exact concentration of the salts 
can be varied within linjits without departing fron the invention.. ^_ 
sta«3ardi2e the makir^ of the' media, however, the concentrations of the 
15 above listed minimal salts zr^ as follows: 

l^SO^'Tti^p 370.milligra.'ns/liter (ng/D 

CaCl2-2H20 -4° 

NK4v^3 1650 mg/1 

20 KH2EO4 1"^° f^/^ 

MnS04.4H2O 22.3 ing/l 

Zn£04-7H20 ^-^ '^/^ 

.C0S04-5H2O 0-025 rng/l 

COC12-6H20 0-025 ITK5/I 

25 KI ~ ^'^-^ ^'"^^ 

H3BO3 6.2nig/l 

Na2Mo04 -2.420 • 0.25 irig/l 

FeS04-7ri20 28.75 irc/l 

Na2Ei:TA 37.25 mg/l 

. 30 The median further contains the following vitamins, hormones 

carbohydrate sources: 

Thiami'ne-HCl 0-2 

Pyrcdoxin-HCl 0....:. mn/. 

- Nicotinic acid 1.3 mgA 

35 Calcion pantothenate 0.25 mg/l 

L-asoaragine 132.0 mg/1 

2,4^ 2.0in3/l 



sucrose 



2% weight/vol'jme 
6.0 
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The friable efnbrjvcenic call'JS and medium are placed in a 100 ml 
Delong flasJc Zd are inciated at 2T-C cn a gyratory sha:<er at 130 rpm 
with indirect lighting fron .^^rolites for 16 hours a day for 7 days. Cul- 
tures ^re transferred every 7 da^^ in a 2 to 5 culture to medium transfer 
5 into 50 ml of the same ireiia in 250 ml Delong flasks. 

Bnbrios are generated from the suspension cultures by removing a 
one ml aliquot from a 7 day old transfer and placing it on a solid plant 
growth median such as MS mefium or N6 medium containing no honrones or 
0.01 ng/1 2,4-0 and front 2 to 6% sucrose. The plates are • maintained under 
10 the corxaitions described in Example 4 for approximately one v«sl^ Plants 

may be re-generated from the enbrjos by transferring the embryos to >B or 
- N6 media containir^ no horT>ones and 2 to 6% sucrose as described in 
Example -6 below. 

EXAJ^LE 4 
Format ion of Embyros and Plantlets 
A 15 dav old suspension culture having a volar.e of approximately 
15 • 25 ml was placed^Ln a sterile centrifuge tube and the cells v^re soon down 
at 1000 rpu for-5 minutes. Ihe supernatant was discarded and the cells 

..cusoended in 25 ml of honione free N6 medior, cor.taining 6% sucrose. 
One ml of 'the resuscended cells was dispensed onto solid N6 mediort con- 
ta^-ning 6% sucrose, rx. hoor^nes, and 0.6% washed agar (K.C. Biologicals, 
20 Renex, Kansas). The plates .ere covered and maintained at 27-C under 

^^rolites at 1000 to 3000 luc< for 16 hours a day. Afrer 23 days , . nur^erous 
globular structures grew cn the horn^e-fr-ee N6 median containing 6% 
. sucn^se. These globular structures were removed and transferred to 

hormone-free MS median with 2% sucrose and 0. 1% .charcoal. After 6 days 
25 four plantlets approx innately 1 to 2 centimeters (cm) in length having 
shoots and mots were obs^n'ed. 

EXAMPLE 5 

Receneration of B73 Plantlets fron Suspension Cultures 

A B73 suspension (maintained as a suspension for aporoxinately 4 

months) was centrifoged at 1000 rpr for 5 minutes to pellet its cells. 

These cells were then weighed and diluted with hormone-free M.S. medium to 
30 a concentration of 100 .ng suspended cells/ml homone-free median. Cne ml 
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. - MOO -r, colls) was plated or..o no hon:one N6 .edia. with 2% sue- 
rose, O.U charcoal, cK = 5.8. 

T.ese o. v..e inc^^rf 23-C in e.. After one 

„^th globular structures forr^«i «*i=h then tr^sferred to fr.sh 
S :::r™ t pucea u^er ^routes, ^ter a^ro.i..telv 3 -ee., .^y of 
these struct-ores ha3 developed into plantlets. 

EXAMPLE 6 

, , ; . p., p,.,nts frt. r^r^enir callus Culture 

-^iT^ea ^ of fri^le B73 callus/^triTI^P - 
«6 ^im -it. 4, sucrose aoS no hor^ne.. ^se plates ^c^ ta 

2B-C i. t>.e .arH. After 21 6.^ nv^erous planUets «re re.^e5 and 
,0 tr^sfLea « Plastic tiss. cult-ure ..es ,a.ut 3 - ^ ^ 

T-T of ho™ie free M.S. meai'-zn with 2% SuCrose. 
inches) containing 50 rl of hcrnone ^^^p.cp^^ to 

e>v of olants were trar-s^-erreo i^u 

After anoroxinately one month, of C.ese pian _„^itv 

All of L^ese plar.ts were grov,n to maturit/. 
pots in the greenhouse. All oc t-.e^e 

EXA>gL£ 7 

isozv^e C^rison of H.^r-?enic 373 Call-^ Culture 

arx3 Non-s^r ^^nic B/3 tissue 

TTIIITTrZrZ^ inbr^ 373 tiss'je indicatec 

^ eouai «i=ht of h^ogenixation buffer o^ntaininq 
IS below «re placed m =n e<?^ «i . , ^ 7 4 arf was horccenited 

w/v sucrose, 8.3% w/v »--rb.c -'^/l^^J: '^^^l^ for staroh 
usi„5 a Pcrter tissue t^ce.iter. The haro;er..e -^^f^" 
=el electrochoresis ard the resultin, gels -^r^ stamea for es.era^ . 
; r ""al^hol de...^rt..«se (n,ure 2, ,luta.ate den^se 

.0 Pi:Le 3, a. /.lu^sidase .i,ure . ^^^^^^as 
Qc.Mi-10 In Ficures 1-4 below, the tissues v«t- ^ 
in Genetics , 96: 697-7U. in .^^^^ 

- "ir. taxen direcU, fr^ S weeK old ^ee^usa .intained B73^1..ts. 

- taxer. fr= s.,cots s. da. ^^^^ 
c^KXts - taken from mat^^-e B73 seeds one day after soax.r^g 



25 Sheets 

water. 



water. , . ,•_ 

Se.tell^. - taicen frc. 373 ^.f. one day after soa..^ .n d.s 

tilled water. 
Zvcotic En-i^ryo - t2.<en .9 cJciv^ 
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t-ans-e-ed to the oedion of Exsnple 3 for 7 days. 

2 4-5 - friable fflbci^enic callus tissues of B73 th= — 
^^^^^^^S^^tdnii on Of .^le 3 wi..ou. 2.4-= fo. aa^. 

s s^j^s-iltl^ - — — " 

""1^=: "LrorsTJa; .attain, c ^ .e..u, 
Oraanocenic - organogenic ciis^jc w 

of Exarole 3. 

Ficures 1^ ar. representations of starch gels run for the indi- 

^ The qe^s patterns sho^ the following results: • 

10 cated enzymes, ine ge-i pauu 

esterase - Figure . - ^r^enic cultures gave the sa.e iso..^e 
p^tter.. as .ese... .^.ic ^-^s a:^ organogenic cultures gave .he . 
same isozi^e pattern as rr^af^e leaves. 

« Piauro 2 - organogenic cultures and 
Alcohol dehydrogenase - Figure 2 organ^ 

as zygotic e-br%^s, but Gmfcryogenic cul.or.s 
did not. 

^ ^^P'-'^'^ ^^Ttures on 

.eai^ «i--^u-- 2..^ ,a.. e.e pat-.r. . f ""„r • 
20 genic calt^-es ^ir.te^.ce medio, «th 2,^= did not. 

/ ^uc=s'dase - Figure 4 - ^r.^enic and organcenic culture 
,.e sdt::; a. .lec^iles , different pattern t..an ^ot. 
enbrios. 

i- ; ri=^ener3tion 
These results support the charac-.erization t..a. r..e..- 

The presence of isozyme- ^ rii^^er^nt than that 

the tiini^ of «L-n^enic developr^ntal events t« di-eren 

of of zjcotic serves. 



01 60390 

15 

EXP^LE 8 

C..r3C«rlzati=n of ^^-^^^^''^ 

o f Ertir^ocenic B73 Tissues ^ _ 

TlTliTof a 7-<5ay^ld ei^'r^enic cell suspension of com inbred 

- into a f-esh 50 ml aliquot of th.e inediun of Example 3. 

B73 was transrerred into a c^e^n nu m ^ 

«rr,u„ in the liqht at 27 'C in a shaker at 130 rpm. 
Th** cultures were growi in cne xif^i^ 

Tte 7 day., ells aebVis «-ea fr» .he .^i™ ^ =ent" .9.- 

5 rror fUtraticn. re^inir, clear culture ^io. «s then aUuted 

3 vcla.es of etha:»l (95% v/v, at r^ t^rature with st.rr.ng^ A 

O,;. fibrous precipitate fo.^-. - collected cn a glass red «she5 

■ :L"lute e.W .riea in a va.. dessicator o^en.- - - - 

itate was hvdroly.ed in 1 nor^ h^drcchlor.c acid for » tours at 1 0 C 

^n,.t su=ars wre analvted by '3c nafjral abundance nuclear 
10 and the component suca.s we.e w . . 

/13rjs?.«?^ or ' Var^an XL-200 bI>!H spectroneter. 
magnetic resonance O-^^"^' - 

The pclvsacoharide «3 identified as a poller c^isi.-9 galac- 
tose a«3 .^^se In ab=ut a 4=1 ,lactose:.^-nose ratio, p^li^.r has a 
cl,sitic« different fro. ^= r.t sU^, >*ia contain, a ,lu=se- c^ 
,5 noi:^er abo,d^t in fucoso a.^. ^alactoronic acid, .nd »rn h^l.^^, - 
"contains xylose, ara.ir.se a.-^ ^alatose in , 7:5^ « J^^^' ^ 

c Bi,r,- ri'—? snc Mucilaces and S ane P.eiauea 
• al . , The Che.T.istrv of Plan> Gvrrs anc ..^^^^c^^^ . 

• - _ ^.^m ^spipo Coro. . Nev Yock) . 

£XA>gL£ 9 
Carton Source Utilization 
^j^^..,-. ccp^nsion .ailtures of conn Lnbred 373 were washed 

20 in car^^ratlfree .edi.. an. plate, onto .he ^^^2\TT.t IT 

.r,-.-H n fi» washed aqar and contained i% wA cc cne 
had been solidified '-ath O.tsl wasnea 

• «^ ,.^t ccr-x2unfs listed in Table I below. Color.y grou^n 
filter-sterilized test corpcuncs ii^. _ 

tf-^^ ..ooV<; anr^ 9 we^<s crowth m tne dar.s at 
was assessed visually after - -eeks an- y wee.^s , 



27'C. 
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tcxicitv of oalactose in t.-.e presence of sucrose -was tested 
^ »^r-^enic sus^nsicn c-atures of com inbred B73 by in^rporat.n, 
.alactoS^.O to 6, w/v, into t.e ^..^ of B<a.ple 3 contain.n, -/v 
sucrose. G^.th «s measured by packed cell vol*. (fC/,_ after 7 daj. 
incabation cn a sha;<er at I-'C in ir.e Ucht. 
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TABLE I 

B73 Cell Growth 
Relative to Carbohvdrate^Free_Control 
c^io rarbon Source R elative co ^ 



sucrose 
D-^lucose 
soluble starch 
D-(+)-^alactose 

-lactose 
D-sorbitol 
L-prol ine 
0 (control) 
L-{+)-arabinose 

ntyo- inositol 
-D-(+)-fucDse 

L-glycine 
' L-arginine 
L-(-) -xylose 
[X+)-mannose 
DL-?T^alic acid 
D-mannitol 
L-{-) -sorbose 

-L-rhanmose 
L-nglutamic acid 



0 
+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 



= Visibly detectable growth. ^ ^ 

^ the growth v« c.--.lne3 with sucrose 9luc.se. Soluble s«rcn 
rpcTteTU^ growth Of the cell line .fter ^ la. ^= 

hJ li^it.1 gro-.-- - sorbitol but no growth - ^"^ 
rac'-ose. The ^r^.nlc co^ cell line of B73 sho«. l^^.te. growth 
response to galactose. 
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The embrv'ogenic callus of com intred 373 wnich crew on statrch- 
containing plates appeared to lavic L'le caiactonannan secretion preser.r in 
the plates containing sucrose or glucose. Suspension cultures of the sar.e 
tissue growing on starch prcducei no detectable arnounts of galactorr^-^nan. 

E<r'*MPLE 10 

5 Plants obtained in Ex3nple 6 were grovsn in the greenhouse and 

were either self -pollinated, baoccrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (designated R]S] for 
self-pollinated, RiBC^ for backcrossed and RiSibi for sibling pollinated) • 
The com progenies vjere produ^red fron four regenerated plants. Two , c f the 
10 regenerated plants were self -pollinated using the rain sten ear and a 

tiller tassel. Because of asvTxrhronous err^rgence of tassels and sii:<3 and 
frequent occurence of tassel-ears, the renaining regenerated com planes 
could often not be self-pollinated, bu^ Lnstead -^re used as ferr:ale 
parents in crosses to seed-cro-n 373. 

15 The seeds produced were crow^ cut in the field bet'-^n Decsro^^r, 

1*583 and fferch 1S84. Plants w^ere evaluated in early February, which was 
approxL-nately tvo weeks post-pcllination for the com. A total of tan 
rows of regenerant progeny were planted out ear-to-row. In aidicL'n, 
seed^rown' planes used as male parents in crosses wltn the reger^rants 

20 were also self -pollinated and used as check rows. Traits examined 

included; plant height, ear height, ster^ dia:?.eter, leaf nirrber .and any 
evidence cf single gene nutatians affect Lng 'plant appearance. Wnile some 
rows showed evidence of salt st:.>ess, no differences could be seen bet-.-^n 
the J^iS-j, RiBCi, and RiSibi prccany and the seed-grown check rows, 

25 Frcm the foregoing it will be apparent to Lhose skilled in the 

art that erKsryogenic tissues and cell suspensions of com inbred 373 will 
enable plant breeders, practitioners of methods of plant tissue and cell 
culture, and plant inolecular biologists to carry out n^jor iTprovements in 
this valuable and widely used com inbred. The errtr^-ccenic cultures of 

30 "com inbred 873 provided by the instant invention make it possible, for 
example, to subject these cultures to _in vitro m-Jtagerresis to induce vari- 
ation in com plants regenerates iherefrorr., >^thOGS for cnenical and 
physical mutagenesis as well as cell culture tecnnicues for the reco-v-ery 
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1 0 ment , 



^ ho these s<ined in the^art (see for 
. -I *-,-h<= ATP well known to cdc^^^ ^^^^^^^ 
of desirable "^J^,^^,^, ,,a.ci^ E.-onc.i=ally Usef.! 

'^l ^r^l^'^ T^e.^;. with Ethyl ..e.ha«sul*onate,- 2£-iC- 
tions in Maize seea cy „ , • ^ .i "Examination of WF 9 

^ rt Thonr Acol» Genetics, q ' ^ 

Suspensions, Theor. Aroi ; _ . ^^^^^ _ Assess- 

«<r rrr-n Plants via Sinale Ceils in vi — 

i^-S^™^^ ^"3 i cLura. a^ cell suscens ions. .and corn 

plar.ts regenerated tne-e..^ « 
regenerated com plar.ts. 

K-T to r^e-e-ate --^-ole plar.ts from t>.e eriDr-ogenic 
The ability to c^e..e— r ^_ 
^,i-,«s cf corr. irirw B73 provicea ^.e 
,3 ,ss.a a^ , ,,nea in .he a., to ca^y cu. i^ 

vitro j=! ^ ^0.. ^n-acne^ hereir^.-e.! T^.cs, 

. n.. -ss-^ or c-U susc^nsior^ cultures of com iri.- 
using the er^ryogenic .iss^ or cc .^^^^^^^ ^^^^^ ^^^^^^ . 

,0 B,. o. .„^P1, .er^icides and path^ 

.r^red B selective acants ar.d 

toxins, t= ^ .elective ^ents. T.us, considered 

. ,0 rnenerate ^..^enic- tissues .nd 
^.^^ f r^r^^ Lt : selected in vitro, ....com pleats a^ saed - 

" cells of ^^^^^ ^ - — ny of the r^e^rated c.^ 

thereof regenerated -ner-^. 

plants. 

will al^ be readily arparant to those SKilled in the art 
• . J^enic tissue a.-^ cell suspension culture of coo .nbred B73 
that ei^r^enic t sue ^clonal variants .n com 

irired 873 by rege ^^^^ .^.^^.^ i.,vent.cn. 

suspension cultures of com 'f'fj J 3,ine3 in ►-'^ art 

- ---- 

3s :L::::::ir:tati. ...iat. -i. ^.^c.^^- - 
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Regeneration y^ize," Kavdica 26 , pc. 39-56 (1981 ); 3eckert et al., 
"Etude de la Variabilite Genetique Cbtenue Cr.ez le K^is Apres Callocenese 
et Regeneration ds Plants in vitro , Acrorxjrie 3, pp. 9-18 (1983); and 
Larkin et al., "Scp^.clonal Variation - A ^tovel Source of Variability from 
Cell Cultures for Plant Improvetient," Theor. Appl. Genet. 60 , pp. 197214 
(1981). A large bcdi" of literature in fact suggests that plants regen- _ 
erated fran culture atB characterised by an unexpectedly high rate of 
stable propagatable chenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated Kaize Inbred," 37th Am. Com & 
ctorghOT Research Conference (1983). Thus it is now possible to provide 
progeny- with genetic variations arising from soraclonal variants regener- 
ated frcm com inbred 373. Such characteristics ray be stably mainfeained 
in the secorx3 generation progeny of Lhe regenerated plants and will 
generally exhibit either 'Merdelian segregation (e.g., 3:1 ratio for single 
gene traits) or anifcm expression since scnaclonal variation arises in 
diploid cells and may generate Ixxnorygous variants. Thus, the Lnve-.ticn 
is considered to encor^ass sonaclcnal variants of the enbryccenic callus 
ar.d cell suspension of com Lnbred 373, com plants 'ard the seed thereof 
regenerated therefra?. and the prorery of the regenerated com plants. 
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CLAIMS: 

1. Bnbr^enic callus and ertryogenic cell suspensions of com 
inbred B73 ard the clones thereof. 

2 Com plants and the seed thereof regenerated frcm anbryo- 
genic .callu^ a«3 ^r^enic cell susp^nsior. of com inbred B73 aa3 the 
5 clones thereof. 

• 3. Hutagenized enbr^enic callus ar^ inutagenized cell suspen- 
sions of com irbred B73 ard clones thereof. 

• 4 Com plants ai^5 the seed thereof regenerated from mutagen- 
, ized enbrvo^enic callus ^ .ut^enizef cell sus^nsior. of com inbred 
10 B73 and the clones thereof. 

. 5 P^cceny of com plants r^enerated fro. eri^ryogenic callus 
^ e^r^lnic'cln suspensi^. of com inbr.. 373 an. clones thereof, 
said progeny ir.clodLng rrutai^ts and variant progeny. 

6 ST^.r-.xxenic call'^ of com inbred B73 having the character- 
ol^^enir callus of com inbred 373 deposited Ln cne _ 

::r^T:r ;:n.-a. ..e. .... «ne, ana 

Z :7s^ior. ae.iv^ fro. s.i. ^r^eni. caUus ^ clones o£ sa.a 
e^riosenic callus or ensrioge.ic cell susf^nsion.. ^ 

7 con, plants and the seed thereof regenerated trot, the 

:o o^yro^enic'call. ani e^.nic cell sus^nsions a^ clones of sa.d 
J^enic callus or-»^r^eni= cell suspensions c£ Cla^ 4. 

8 mt^genized ertrvogenic callus of com inbred B73 said 

K »n c callus of com inbred B73 havi™, the characteristics of an 

f com inbred B73 deposited in ^ .^rican Tvpe 
:5 Stre -"--^on u^er ..cession »^r 40U6. „ta,en.z^ ceU 
™si<x. derived fr^ said ^r^enic call^ and clones of sa^ .uta- 
^eSted «*r-^epic callus or e^yc^enic. cell suspensions. 
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9. Com plar.tis and t^.o soe-J L^er^f reger.erated from the muta- 
genicec errrvogenic cjlLIus and mut^cenized cell suspensions and clones of 
said nutagenized eror.ocenic callus and iTUtacjenized erJbrvogenic cell sus- 
oensions o£ CI a La 8. 

Proceny of oorn plants regenerated from €rT±)rycgenic callus 
having the characteristics of an enbri-ojenic callus of com inbred B73 
deposited in the A-erican Type Culture Collection under ATCC Accession 
Nanber 40116 or regenerated froTi cell suspensions derived fran said 
e-mbryogenic callus having the characteristics of an er?bryogenic callus of 
com inbred B73 deposited in the A^erioin Type Culture Collection under 
ATCC Accession NaTiber and clones Lhereof, said proceny incl'uding 

mutants and variant progeny. 

11. An erbr^ogenic callus of com inbred 373 as deposited in 
the Arerican Tv-pe Culture Ccllecticn andcr ATCC. Ajrcessicn Niz-c-er 40116, 
cell suspensions derived from said e?bryx7enic calLus and clones thereof- 

12. Com plants ard seed tl>oreof regenerated fron the efT\br/o- 
genic callus of com inbred B73 as deposited in the American T\pe Culture 
Collecticr. 'under ATCC Accession N-rb-:^r *!0116 cell suspensions 
derived frar. said er^b-vrocenic callus and clones thereof. 

13. Mutacenized errbr^rx^enic callus of com inbred B73 as 
dep::sited in the ATierican Type Culture Collection uricer AJXZC Aircessicn 
Nurber 40116. mutacenized cell suspcnsiors derived fron said efrbr.'ogenic 
callus and clones thereof. 

14. Com plants ard the so^:?d thereof regenerated from the ri^ta- 
geni-e:3 callus, mutacsnizcf. cell sus;x>nsicns and clones of said mutacen- 
ized enbryogenic callus ard m-jtaoenizod erbi-yogenic cell suspensions of 
QaLm 13. 

15. Proceny of com plants regenerated from the errbryccenic 
callus com inbred B73 as deposited in the A-nerican Type Culture 
Collection under ATCC Accession NUT.bor -inilG. ceil suspensions derived 
fron said errtsryogenic callus artf clooc;7 t^^.ere^-f , said progeny including 
mutant and variant prccency. 
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FIG. 2 

ALCOHOL DEHYDROGENASE 
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FIG. 3 

GLUTAMATE DEHYDROGENASE 
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FIG. 4 

(3-GLUCOSIDASE 
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